A system of synoptic analysis on a mesometeorological scale has been developed through the combined use of space and time sections applied to all regular and special stations in an area joo by 900 mi. in the Central United States. T w o periods of development of large thunderstorm areas are analyzed. In both of these periods tornadoes occurred. The synoptic model of a squall line in this scale involves three principal features of the pressure field-the pressure surge, the thunderstorm high and the wake depression. Another feature, called the tornado cyclone, accompanies tornado funnels. Divergence values of 10 to 6 0 . I O -~ sec -l over areas of 100 to 10,000 sq. mi. are measured. The mesosynoptic disturbances greatly influence the situation as viewed on the regular synoptic scale, which is about 10 times the meso-scale, and make conventional analysis hopelessly difficult.
I. Introduction
Severe storms such as thunderstorms, hail, high wind, and tornadoes usually occur in close relation to disturbances with linear dimensions of 10 to IOO miles. The analysis dealing with this scale is termed mesoanalysis. The term "mesometeorology" has been used in studies of radar meteorology by SWINGLE (1953) and others. The analysis of systems with dimensions of 100 to I 000 miles or more is involved in the. usual daily synoptic practice.
Stuhes of micro-scale disturbances, smaller than 10 miles, are typified by theThunderstorm Project (BYERS, BRAHAM, 1949) in Florida (1946) and Ohio (1947) . Microanalysis was carried out for weather elements such as pressure, temperature, radar echo, wind direction and speed, divergence, etc. The five-minute interval chart sequences revealed the microstructure of the thunderstorm circulation. Using the data from the automatic recording stations in Ohio operated by the U.S. Weather Bureau's Cloud Physics Project in 1948 , WILLIAMS (1948 studied the microstructure of the squall-lines. In this chart the microstructure of the pressure and temperature systems is well represented by the five-minute intervalanal sis.
pressure jump" line traversing the area of the 1948 Ohio network. The one-minute interval charts he made show the isallobars for the amount of the pressure increase following the 'ljump". His study made it clear that there exists a very tight pressure gradient in a narrow zone where the winds are very far from being geostrophic. The micro-analysis of the thunderstorm high of Aug. 24, 1947 , over Kyushu, Japan was done by the writer (FUJITA, 1950) on the basis of ten-minute interval charts for an area of 60 by 50 miles. The chart sequence shows that the thunderstorm high, having a very tight pressure gradient, deforms when it passes over mountains.
Other earlier microscale or mesoscale analyses include the well-known Norwegian charts published in the early 1920's leading to the TEPPER (1950) stuhed the microstructure o r the " TIME SECTION A T GRB ( G r e e n Bay, Wisconsin) J U N E 27, 1953 discovery of air-mass and frontal analysis, the micro-stuhes of SUCKSTORFF (1953) in ' connection with thunderstorms, the charts of the U.S. Soil Conservation Service in the Muskingum Valley, used by BYERS (1942) , and studies by C . F. BROOKS (1922) . The author asks forgiveness for failing to mention others. The cold front of September [26] [27] 1948 was also analyzed by the writer (FUJITA, 1951) .
From the pressure, temperature, wind and rain traces of stations in Western Japan, the 20-minute interval charts for pressure, temperature, and rain were constructed. The area covered by the study was 300 by 200 miles.
In that area, the stations were scattered, the average separation being 60 miles. This was an early stage of meso-analysis. BERGERON (1954) made analyses of a pseudocold-front over the Middle West, and emphasized the importance of the cooling effect of rain, in order to explain the divergence field beneath squall-line thunderstorms.
In the studies carried out by the writer at the University of Chicago under the general guidance of Dr Horace R. Byers, many im- portant features of the meso-scale disturbances became clear. Most of the tight pressure gradients associated with squall line activity, which Tepper calls "pressure jumps", are now known to be the result of the huge thunderstorm high produced by squall-line thunderstorms. T o distinguish the pressure rise at the front of the thunderstorm high from the hydraulic jump, which demands adherence to an analogy from hydraulics, Dr Byers and the writer chose to call it "the pressure surge."l Following the surge, "the thunderstorm high" comes, then the pressure falls gradually or very rapidly. This fall is due to effects in the wake of the thunderstorm high which usually moves rapidly with the direction of the wind aloft. The low pressure areas following the "wake drop" in pressure we will designate as the "wake depression." These features are illustrated in Plate 4.
The time and space section
The average se aration of the telety e stais about IOO miles. If one plots the data in the usual way employed on daily synoptic charts, tions in the Midd f e West of the Unite B States I Definition of "surge" in the Meteorological Glossary : First used by Abercromby to denote a general change of pressure superposed upon the changes which are due to the movement of DEPRESSIONS and ANTICYCLO-NES.
In the Weather Glossary, U S . Dept. of Commerce, Weather Bureau, it is said that "surge means any change of pressure over a wide area, the precise cause of which is unknown, but which is not due to the passage of low or high pressure areas or to diurnal barometric variation".
Tcllur VII (1955). 4
using the hourly reports from these stations, it would be very difficult to analyze the mesoscale disturbances.
The time section of the weather elements from each station will give added information about the weather conditions in the areas between stations. An example of the time section is shown in Fig. I . As will be seen in the figure, the time runs from right to left, so that in the zone of the westerlies the time section becomes very similar to the space section running through the station in question. In the time section, we must enter all available observations. To this end, the original data used in this study include: Making use of these data, one must construct the time section for each station before the meso-analysis is carried out. As will be seen in Fig. I , pressure, temperature, height and amount of cloud, movement and type of cloud, and wind speed are plotted carefully. After making the time section, it is better to indicate the signifcant points such as pressure surge, wake drop, wake low, temperature break, etc.
Time sections made for each station can be changed into a space section on the synoptic chart. As shown in Fig. 2 , the relative velocity of a station with respect to a moving system is -V. It is convenient to use the conventional relationship used in hydrodynamics for thelocal and indwidual change in a moving system. If we regard the station as moving with respect to the system, the individual change of the element A, that is, dA/dt may be considered as the change at the station moving with relative velocity -V. Then aA/at is the change in the system. The formula is In the case, where the system does not change rapidly, the formula can be reduced to however, the change of the system is talung place rather quickly. Techniques dealing with this problem will be discussed in the chapter on pressure analysis.
Analysis of precipitation
The precipitation traces show the amount of the accumulated rain. In the meso-analysis, wc are interested in the distribution of the rain intensity. The traces must be differentiated with respect to time. The rain-intensity curve obtained by the careful differentiation are entered in the time section charts. An example of the rain intensity charts for the squall-line over West Japan in 1948 is shown in Fig. 3 .
To draw the isohyets, the traces from the 60 stations in the areas arc used. The two rain bands are pushing toward the east-south east.
The available precipitation traces in the Middle West are not sufficient in number to permit construction of the rain intensity pattern. Isohyets for the hourly precipitation amount can be drawn in this case.
Before making the hourly precipitation charts, it is useful to draw the isohyets for the total amount of the rainfall accompanying the storm under study. The total precipitation chart shows the areas where the heavy rain showers have passed and thus gives an important clue to the areal distributions.
Percentage Method
A percentage method is used in which the precipitation reported by the daily observation station can be converted into the total rainfall amount for a particular storm. Consider the hourly rain from the hourly observation stations in Fig. 4. R,, R amounts on 27th and 28th June, 1953 can in such circumstances be used as the total amount of rain brought by the storm of 26-28 June.
In the other areas where the ratios are not equal to 100, we plot the location of the daily observation station on the iso-percent chart and read the value of r for each station. Let r, be the ratio for the daily observation station where the daily rainfall of RA was observed. R,, the rainlellun VII (1955). 4 .
fall accompanied by the particular storm, can be computed by the relation, R, = Rbr,
As an example, the total rainfall for the storm of [26] [27] [28] June, 1953 is shown in Fig. 6 . Isohyets in the chart are contoured for every 0.20 inch. In the map area, we have about 600 hourly observation stations. By using the percentage method, 2,400 daily observation stations are used in addition to the hourly observation stations. The percentage method can be utilized also in obtaining the hourly precipitation amount from the total precipitation. For this purpose, the ratios of the hourly precipitation to the total precipitation are computed for all the hourly observation stations. Then we plot them on the chart, and draw the iso-percentage lines. Superimposing the iso-percentage lines on the isohyet chart made for the total irecipitation amount, we make the multip cation of ~~~~~ ~ (total amount of rain) x (percentage of hourly rainfall total rainfallr. In this process, the total amount of 'rain is separated into the hourly amount.
the line in the wind chart, along whch the winds for each-station will be plotted, is that of the movement of the particular system we want to analyze. Usually, the winds for one hour on both sides of the ma time are entered the immediate vicinity, the one observed closest to the map time should be used when changing the time section into the space section. From these winds plotted on the chart, the isotachs and the stream lines are drawn. Divergence and convergence of the wind field are computed next. The computation of the values can be done by using the formula
The writer developed the method of obtaining converpence from the balance of the net inflow on the chart. If several win i s are available in and the" outflow.
kfethod of CoVJutatiofi
Consider the streadnes CA and DB in Fig. 7 . The curves AB and CD are the orthogo-
Analysis of wind
The time section of the observed winds must be converted into the space section in the scale of the wind map. The direction of 
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As shown in Fig. 7 , the vorticitt. of the wind field can also be computed in a similar way.
Computation Scale
It is possible for us to compute these quantities by using the celluloid computation scale reproduced in Fig. 8 . The scale has a straight indicator OQ movable around the eyelet at 0. On the celluloid plate, the speed, speed x length, and the area scales are shown. As will be seen in the figure To compute the convergence, we put the celluloid scale, for instance, on An example of the computed result is shown in Fig. 9 . This is the micro-analysis of the wind field beneath the thunderstorm in its dissipating stage. The chart in the lower left is made first, and the isotachs shown in the lower right are drawn. Superimposing the streamline chart on the isotach chart, we read the wind speed values in the upper right chart. Finally, the divergence and convergence are obtained by using the celluloid scale.
Examples of the divergence chart for a squall-line system are presented in the color plates 2 and 3.
Analysis of temperature
Micro-scale temperature disturbances are usually superim osed upon the meso-scale temperature fie11 To represent the meso-dis- the sea-level correction be T, T', T", . . . etc.
They can be written as
where w is the angular velocity of the earth.
In the formulae, T,,, Ti, Ti', . . .are the mean sea-level temperature, and T,, Ti, Ti', . . . are the diurnal variations for each station. The meso-scale disturbances having the period of several hours appear in the terms such as Tn,-l, T,, T,+1, . . . etc. As has been shown before they have been smoothed, are very irregular. W e can easily imagine that the mesoMean Temperature Correction disturbances analyzed on such an irregular mean First, we consider the sea-level correction. temperature field will not show their true The correction will be done by assuming the features. For the first approximation, the mean lapse rate. If we use the lapse rate in the free temperatures To must be plotted on the chart atmosphere, overcorrection occurs. The writer and then must be corrected by drawing the obtained the lapse rate along the surface for smooth isotherms. 10' F. When we plot the temperature values on the hourly meso-scale chart, for instance, the amount of correction mentioned above must be added to the temperatures on the trace. The second approximation is the correction of the value of TI, the diurnal variation. This is based on the fact that the variation is very large on the bare ground and small on the water. These local effects must be eliminated if possible. To make the correction easier, the smoothed isotherms may be drawn for the maximum and minimum temperatures, and they are corrected.
Experience shows that the mean value correction is enough for the meso-analysis, and the correction to the diurnal variation is not always necessary.
In the meso-analysis of temperature, the thermograph traces must be used together with the corrected temperature values. Looking at the traces from each station, the points of break, maximum and minimum are checked first. The significant points are then termed as B,, B,, . . . LI, L2,. . . HI, H2,. . ., in which the numbers I, 2, . . . indicate the numbering of the disturbances by which the significant points are produced.
In Fig. 13 , the breaks and the minimum temperatures are indicated on the traces from the Thunderstorm Project stations. The distance from stations No. I to No. 46 is 18 miles. When the temperature break travelled in this short distance, BI dissipated and B2 appeared. It happens sometimes, when the distance between stations is large, that the significant points are very difficult to follow from station to station. In the micro-analysis, such breaks will appear to be double or triple lines, but in the mesoanalysis no such fine structure can be shown.
For each significant point on the time-section isochrone charts are made. Then, the timesection can be converted into the space-section running through each station. An example is shown in Fig. 14 , in which the, traces are so oriented that time increases toward the per- Examples of the temperature analyses will be seen in sections 7 and 8.
Analysis of pressure
The barograph traces from the stations in the area of meso-analysis are the most important material we should have. As has been mentioned in the chapter section 2 of the time and the space section, the barograph traces from the Severe Storm Research Unit, U.S. Weather Bureau are used.
By using these traces, the writer tried to make sea-level charts. Unfortunately, most of the barograph stations have neither thermographs nor mercury barometers by whch the station pressure could be obtained. Moreover, the elevation of the barograph stations is not accurately determined. Therefore, the formula of sea-level reduction is not available. Even if The length of the barograms in one hour is equal to the length of U. In the area where the pressure falls, the traces on the chart will increase eastward, so that the tendencies can be known immediately. When we enter the traces on the chart, some adjustments must be done so that the significant points come on the isochrones. Most of the recent analyses by the writer were done by using this technique.
When we examine the significant points on the original traces for squall-line systems, certain characteristics arc apparent in many of contribute to the increment of the horizontal momentum. Meanwhile, the pressure gra&ent produced by the downdraft itself will accelerate the descending air before it reaches the ground. Even if the wind aloft is very light, it will be understood that the downdraft gust has a large speed at which it spreads out.
A mass of high-speed air following the pressure surge line will act much as if it were a solid body moving in a fluid. The wake flow is induced in the rear of the thunderstorm high if that happens to be the prevailing downwind side for low-level winds. The low pressure area thus produced is termed "the wake depression". Usually, the depression appears in the mature stage of a squall-line, forming, with the thunderstorm high, a positive and negative pressure &pole. If the winds in the low levels around the thunderstorm are moving in the same direction but faster than the pressure surge line, the wake depression will be found ahead of the thunderstorm.
When the system is changing rapidly, the change in the system itself will contribute to the tendency. To analyze such a case, the isobar charts for both undisturbed pressure and the excess pressure are made independently and they are superimposed. Fig. 19 was made in such process. The dashed isobars passing through the disturbed area show the un&s-turbed isobars of 1010 and 1008 mb.
The separation of the pressure excess from the original traces must be done very carefylly. After the separation, the amount of the pressure excess for each barograph station is plotted on the chart. In Fig. 20 , the heavy isobars are envelopes of the maximum amount of the them. Five different sta& of the pressure profile of a rapidly moving squall-line thunderstorm h g h are shown in Fig. 17 . The traces are characterized by the "pressure surge", "thunderstorm hgh", "pressure drop" and "wake
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depression".-The& disturbanies are superimposed upon the undisturbed field. The deviation from the undisturbed pressure field is termed "the pressure cxccss," which may have either a positive or a negative sign. Figure 18 shows how these characteristics are related to the horizontal and the vertical structure of the squall-line thunderstorm. The hgh-momentum air aloft is cooled and brought down by the downdraft, and spreads over the The descending speed of the downdraft will pressure excess as it swept over the map. The analyses show that the system started to develop between 0000 and 0100 CST. Within three hours, the maximum pressure excess reached more than 3 mb. From these isochrones and the isobars for the excess pressure, the amount and the location of the hghest point of the excess pressure are known for any hour. The isobars of the excess pressure for 0300 and 0100 CST are contoured on the chart. The 0300 isobars of pressure excess superimposed upon the undisturbed pressure chart produce the actual sea-level isobars in Fig. 19 . Using a similar method, the negative dsturbances are analyzed.
7. Analysis of squall h e of June 5-6, 1953 In the afternoon and evening of June 5, a very strong squall line accompanied by heavy rains, hail and tornadoes swept over the entire state of Oklahoma and the southern portion of Kansas. Eleven tornadoes were reported. Hailstones of the size of golf balls piled up to a depth of seven inches on the highway north of Ardmore, Oklahoma (see index map, Fig. 21) .
The tornadoes reported in the National Summary of the Climatological Data are shown in Fig. 22 The writer considered from the distribution of the tornadoes shown in Fig. 22 , that there exists a tornado cyclone inside of which tornadoes develop periodcally. The paths of the five tornado cyclones related to the five tornado sequences of June 5 are shown in Fig. 23 . These tornado cyclones are fixed also by the traces from the barograph stations available. To know the relation between the tornadoes and the pressure surge, the isochrones of the surge are shown on the same chart. It will be seen that the tornado cyclones No. I and No. 2 were initiated before the pressurel-surge line was organized.
Hourly Meso-synoptic Chart. Hourly meso- . . I .
0z-b cloud not reaching the ground was reported. Probably, the underlying cold air prevented the dipping of the funnel cloud down to the ground. Usually, a horizontal vortex inside the upper layer of a twofluid system sucks up the lower fluid, in a similar manner to that we see on the sea surface in a hurricanecenter.
This situation continued till 18 h. At 19 h, another small system entered into the map area from the west. Two new tornadoes (Nos 3 and 4) appeared in the northern part of the big thunderstorm hgh. W h l e the tornado cyclone No. 2 is travelling over the cold dome during this hour the tornado funnel apparently managed to reach the ground. In the Climatological Data (1953), it is reported that four buildings were damaged or destroyed. The funnel observed appeared to be smaller than most tornadoes. This tornado would have spent much energy to make a vortex in the cold air.
A wake trough had developed by 2100, and tornado cyclone No. 5 appeared inside the cold air to the south. Prior to the appearance of the tornado cyclone, hail was reported in the area where the initiation of the cyclone probably occurred, Strong heil moved eastward with the tornado cyclone. Hailstones of 1/2 to I inch in diameter piled up seven inches deep on the hghway. A wake depression center, having a higher temperature inside, appeared at 22 h. By this time, the Tellus VII (19SJ). 4 squall-line activity became weaker ; meanwhile, the surge line moved far eastward from the rain areas.
At 2300 and 0000 next day, the thunderstorm high associated with the main storm became weaker. The thunderstorm high in the north was intensified by the heavy rain in that area. A well developed wake depression is seen in Fig. 30 . Fig. 31. the rear. Hail is continuing in southern Oklahoma, but no tornadoes are reported in the storm areas.
Condition of the Tornado Initiation. -Meteorological conditions which gave rise to the development of the tornado sequence No. I are shown in Fig. 35 . The tornado was reported at 1300 in the Texas Panhandle near the Oklahoma border. Amarillo radar reported "PPI NO ECHO" at 1305, then at 1335, "scattered circular echo 8 miles diameter" is reported to the south of the tornado, which had been observed as a tornado by that time. The echo moved north-eastward developing into an eliptical, scattered, 20 by 8 mile echo. At Childress, thundering cumuli were observed at1230, then at 1330, when the tornado was reported, a rain shower was visible to the north. A pilot reported, at 1219, that he met light turbulence in the line of cumulus oriented SW-NE on the Oklahoma and Texas border.
From the traces of the three barograph stations in the area, no inkcation of pressure surge was seen, which might have moved into Tellus VII (1955) . 4 the tornado area from the west. From these facts the space section of the clouds and of the pressure from CDS to TUL in Fig. 36 are constructed. The tornado cyclone is believed to have been initiated at I330 in the area where an isolated shower of 8 miles in diameter existed. No appreciable pressure-surge lines are recognized in that area. One or two hours the surge line moved faster than the tornado. Such a case is unfavourable for the extension of the funnel cloud down to the ground.
Therefore, the tornadoes of this sequence
In this study, the meso-analyses were carried out in a large area of 600 by 1000 miles. Hourly charts were made for a 36-hour period, seven of which are presented. AN0 2 h g h l At 15 h on the 27th (Fig. 37) , a post-mature thunderstorm high was travelling over the Chicago area. It was followed by a very deep wake depression, having a pressure drop of about 8 mb. Along the cold front passing across the middle portion of Kansas, several rain showers and thunderstorm highs were being formed. The isotherms for every 2OF show no discontinuity at the front of the cold air. One hour later, at 16 h (Fig. 38) , a strong shower accompanied by a tornado developed in southwestern Iowa. In the chart, the barograph traces are entered in a manner similar to that of Fig. 16 . These traces show the gradual drop in pressure east of the front.
INITIATION AND DEVELOPMENT OF TORNADO I(Iefl1
The thunderstorm h g h over the Chicago area became weak, reaching the "Stage 4" of The pressure-surge lines moved far to the east from the cold front. According to the diurnal variation of the pressure, which is positive at 19 h, a gradual rise in pressure is seen to the east of the surge line.
A wake depression in Iowa became pronounced at 20 h. The rapid movement of the surge line left the rain areas far to the west.
The large thunderstorm highs reached the post-mature stage by 21 h. TLe characteristics of this stage are the separation of the lines of pressure surge, temperature break, and the beginning of rains. In case of a strong daytime squall line, these three lines occur almost at the same time. In the night-time squall lines, however, the surface inversion prevents the sinlung of the cold-dome air down to the ground. Especially in the post-mature stage, the absence of rain immediately behind the surge line means an absence of precipitation cooling following the pressure surge. It is usual in this stage that the temperature breaks one half to one hour after the pressure has surged.
It will be seen in the chart at 21 h, that the surge line is about 30 to 40 miles ahead of the line of the temperature break. Meteorological conditions of the early stage of the tornado occurrence in Iowa are shown in Fig. 44 . Norfolk, Nebraska, radar reported a line echo at 1440. W i t h n one hour it developed into a large echo, bringing in a heavy rain represented by the isohyets for 1500-1600. The tornado was reported at 1545 at the position shown on the chart. It can be considered that the tornado cyclone associated with the tornado would have been formed at 1500 or 1530. The initiation of the tornado cyclone would be related to the heavy rain of 0.86" seen in the figure north of the cyclone path. Pierce (13) has pointed out that tornadoes tend to form at the southwestern part of a large thunderstorm, as suggested also by this case. From the fact that we had no rain before 15 h, except 0.02' at Omaha, it is concluded that this tornado cyclone must be related to a very early stage of the squall-line development.
The time section for Omaha shows the pressure surge at 1530 and the temperature break at 1450. The station is so far from the tornado area that we cannot expect to find any further information about the tornado. Fig. I , for example, into a space section. To make the relative positions of the clouds with the surface systems clear, the surface winds and isobars are shown in the areas outside of the blue bands. It will be seen that the developed squall line thunderclouds are moving over the thunderstorm highs shown in pink. Surface rains of the past hour are shown by the blue areas. The lightning, schematically represented by red arrows, and the rain inside the clouds (blue vertical lines) is also entered. This chart was made for demonstration purposes ; however, the antecedent charts now to be examined show the developments leading up to this peak of squallline activity.
With the technique introduced in the section on wind analysis, divergence and convergence were computed for the hours 15 and 20, June Project" that a very large divergence exists inside the micro-scale thunderstorm hgh. The meso-scale divergence of 10 to 60 x Io-'/sec is shown for the first time by this analysis. Actually, the thunderstorm highs are increasing despite the large value of divergence near the ground. This fact suggests the existence of a very strong converging flow aloft, which must overcompensate the surface divergence as shown also to be the case in indvidual cells examined by Byers and Hull (7). It will be natural to consider that the inversion layers which might have existed originally should be destroyed by the vertical motion. A scheniatical section of the squall line at 21 h is shown in Plate 4. In the upper chart representing the soundings, the area between the temperature ( T ) and dew point (Td) curves is colored in pink. The pressure-surge line to the right is moving eastward at the rate of 5 5 knots. The cold front surface fixed by the ascent reached the 10,000 foot level. Location of the surface cold-front, which is not visible in the surface chart, is determined by extrapolating the profiles of undisturbed pressure on both sides of the thunderstorm high into the thunderstorm area as indicated in the space section of pressure in the center chart. Winds in the lower chart are the ones relative to the system whch is moving eastward at the rate of 3 0 knots, at which speed the thunderstorm high is moving. The front of the cold thunderstorm air, moving at 5s knots eastward, is faster by as much as 25 knots than the speed of the high. It will be seen that the upper winds obtain some additional momentum through their descending motion and the effect of the pressure gradient near the surface. Inside the wake depression, the air is accelerated eastward due to the wake friction of the thunderstorm hgh. The main low-level flow relative to the thunderstorm high is in the sense that the wake is to the west of the thunderstorm mass.
Conclusions
The detailed analysis methods developed by the author in Japan, extended and refined in their application to the Central United States. give as true a picture of meso-scale phenomena as can possibly be obtained from the data and records. The scheme of analysis described enables one to make inferences concerning the magnitudes and times of weather changes or events not specifically given in the data as, for example, in the crude reporting of climatological co-operative stations. Meso-scale pat- terns such as squall lines lead themselves admirably to this type of interpretation.
In the analysis of the squall line of June 5-6, 1953 five tornado sequences were noted, each associated with an intense tornado cyclone in whch the tornado funnels intermittently appeared. This intense system of storms was initiated before a pressure-surge line was orgaganized. This suggests the futility of seeking a "trigger" mechanism in the pressure field at the initial stage.
The analysis shows that tornado cyclones can move either faster or slower than the pressure-surge line. In the slower moving case, the tornado cyclone becomes surrounded in the low levels by cold air of the thunderstorm h g h and the penetration of tornado funnels down to the surface is inhibited.
A low pressure center or trough, much larger in dimensions than the tornado cyclone but much weaker, appears as the "wake depression". This depression was well marked in the second case analyzed, that of June 27, 1953. Another feature of this case was the lack of coincidence, during the night, of the lines of pressure surge, temperature break and beginning of rains. This appears to be characteristic of night thunderstorms and is explainable as an effect of the nocturnal inversion in preventing the downdraft and outflow from reaching the ground.
Colored charts and diagrams are an essential feature of the type of analysis treated here. In the interests of economy in printing, only a few maps are reproduced in color in this article. The charts in Plates 2 and 3 show the unusually high values of divergence (10 to 60. 10-5 sec-l) obtained in t h s scale. The vertical analysis in Plate 4 demonstrates that the rapid displacements of the lines are in agreement with the winds above the frictional layer. This suggests that the speed does not have to be explained by a mysterious upper impulse-type wave.
If the charts analyzed in this article were to be considered in the usual synoptic scale of I :IO,OOO,OOO or less with stations 50 to IOO mi.
(80 to 160 km) apart, a highly confusing picture would result. In drawing the isobars one could, of course, ignore the pressure report of a station that might hap en to be in the highly improbably, the tornado cyclone. But since the recognizable features of the true front are completely obliterated, its location on the map would be impossible to find.
In the short-period forecasting or extrapolation of the weather on the meso-synoptic scale, the complete data such as used in this paper are not available on a current basis, so it is necessary to rely on other tools. On t h i s basis, the most helpful information is that to be obtained from a network of continually operating radar stations. 
